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Vitamin E in Human Nutrition— 
An Interpretative Review 


M. K. Horwitt, Ph.D. 


INTRODUCTION 


There is nothing new in the idea that tocopherol acts as an antioxidant or that 
the addition. of prodxidants and/or easily oxidized lipids will promote tocopherol 
deficiency. It is only in recent years, however, that the quantitative aspects of this 
relationship have been given the consideration they deserve. 

In most of the older work, attention was concentrated on diets which were 
heavily, and unnaturally, loaded with peroxidizable components. Today there is 
a greater tendency to evaluate the effects of diets containing minimal concentra- 
tions of the stress factors. By relating the requirement for tocopherol to the chang- 
ing levels of polyunsaturated fatty acids in the tissues needing protection, one 
may achieve borderline states of pathology that may more nearly approximate 
human experience. Thus, the concentration of the pertinent autodxidizable sub- 
stances in the diet and in the tissues becomes a primary factor while the need for 
tocopherol becomes a secondary factor. This requirement for vitamin E may vary 
from mere traces per day to amounts that are many times the requirement for the 
other vitamins. It is this varying requirement for tocopherol which makes it so 
difficult to compare the results of the older studies, which often assumed a fixed 
requirement, with more recent research in this field. 

Vitamin E research, on the one hand, has been facilitated by the relative ease 
with which one can demonstrate a deficiency of vitamin E in animals. On the 
other hand, observations of so many seemingly unrelated pathological signs in 
tocopherol-deficient animals has prompted some clinicians to use tocopherol in 
the treatment of many chronic disorders of unknown etiology. 

As stated by Gordon32 in 1958, ‘‘Vitamin E has become a shady lady to be 
approached gingerly by respectable or discreet investigators in human nutrition.” 
Thus the uncritical use of vitamin E for therapeutic purposes and the resulting 
conflict of opinions has been responsible in large measure for limiting the size of 
the group of competent investigators who might do controlled clinical research 
in this field. At present, however, there are signs that the lady is regaining her 
social position. 


HISTORICAL 


Olcott and Mattill74.82 focused attention upon the antioxidant nature of 
concentrates of vitamin E several years after the brilliant demonstrations by Evans 
and coworkers,23- 24 by Mattill and his associates74 and by Sure96 showing the 
need for vitamin E in reproduction. Since then, several thousands of papers and 
many excellent reviews 16, 25, 70, 73 have been published on the chemistry and 
physiological effects of this vitamin. 







































The syntheses, derivatives, and activities of the various forms of tocopherol 
have been covered in great detail in textbooks on vitamins and nutrition.3. 91 
Many reviewers have pointed to the baffling array of contradictory reports of 
biological properties. Thus with some temerity, this reviewer will attempt to 
choose from the vast volume of published data the most pertinent facts in 
evaluating the physiological properties of vitamin E as a biological antioxidant. 


STABILIZING EFFECTS ON NUTRITIONAL PRODUCTS 
Most of the autodxidation products of food are esthetically displeasing and 


physiologically undesirable. The stability of some food products may depend in t 


part upon their tocopherol content. It is recognized that fats and oils from plant 
products are protected from oxidation by tocopherol. It is intriguing also to 
consider that animal fats too may be expected to be protected by biological anti- 
oxidants in vivo and during periods of storage, cooking and digestion. That 
vitamin E protects vitamin A has been well documented.77 

The feeding of vitamin E to chickens has been reported to reduce the ran- 
cidity of the dressed carcass during storage.75» 86, 103 The amount of this vitamin 
in the pig also has been related to the quality of the bacon produced.8 There 
have been suggestions that the type of pasture consumed by the cow will 
influence the susceptibility of milk to oxidized flavors,58 and that this suscepti- 
bility to autoxidation may be related to the tocophcerol content of the feed.55. 59 
However, conflicting reports have been published on the usefulness of tocopherol 
in preventing the development of autodxidative flavors in milk.17- 88 Many 
factors other than tocopherol affect milk flavor. Thus, most studies of milk flavor 
are difficult to interpret because of the absence of information regarding the 
amounts of polyunsaturated lipid in the tissues and the diet of the cow. It is 
hoped that these older studies will be repeated with better control of all the 
factors which affect the rate of autodxidation of the polyunsaturated lipids 
available to the mammary gland. 


OXIDATIVE HEMOLYSIS OF ERYTHROCYTES 


The effect of tocopherol in preventing the peroxidative deterioration of 
erythrocytes in vitro is discussed at this point because understanding this effect 
may assist in the interpretation of data on lipid-tocopherol relationships. 

Kennedy and Lukens57 noted hemoglobinemia and hemoglobinuria in some 
rabbits given alloxan to produce experimental diabetes. Houssay and Martinez5! 
made similar observations. They also reported on the effects of different dietary 
fats in rats made diabetic with alloxan. Coconut oil prevented the high mortality 
which occurred when other more unsaturated fats were fed. The significance of 
this lipid relationship was not apparent at that time. Gyérgy and Rose34 showed 
that tocopherol prevented the occurrence of hemoglobinuria in rats without in 
any way affecting the incidence or intensity of the diabetes when alloxan was 
administered. Further study by these investigators35 proved that the hemolysis 
was due not to alloxan but to the rapid formation of dialuric acid from alloxan 
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in the presence of mild reducing agents such as sulfhydryl compounds. In all 
cases, both iw vivo and in vitro, added tocopherol protected the erythrocytes of 
the rat from hemolysis by alloxan or its derivatives. The in vitro reaction was 
so sensitive to tocopherol that several investigators28. 89 devised vitamin E 


_ bioassay methods based upon the dialuric acid hemolysis of rat blood. The 
_ mechanism of the action of dialuric acid remains obscure. It has been suggested? 
that the production of hydrogen peroxide is involved in the metabolic oxidation 


of this compound. Alternatively, it also is possible that dialuric acid may complex 


_ with iron to form a catalyst for the oxidation of the lipids in the erythrocyte 


structure.50 
When it became logical to apply the hemolysis test to human erythrocytes, 


_ hydrogen peroxide was found to be a more useful reagent than alloxan. The test 
. | devised by Gyérgy, et al.33. 90 soon found application in the evaluation of the 
state of tocopherol alimentation in human infants.29- 30. 31, 64 Gordon, et al.,32 


conducted extensive studies on the needs for tocopherol by infants and children. 
Their work, which in general was confirmed by MacKenzie,64 showed that ap- 
preciable hemolysis was absent in 95% of subjects with plasma tocopherol levels 
above 0.5mg/100 ml. When plasma levels were below 0.5mg/100 ml, there was 
a much higher incidence of susceptibility to hemolysis by hydrogen peroxide. The 
same workers32 noted that newborn infants had plasma tocopherol concentrations 
of approximately 0.25 mg/100 ml, as compared with mean concentrations of 
approximately 0.9 mg/100 ml in normal hospital personnel, and approximately 
1.3 mg/100 ml for a group of post-partum mothers. This elevated concentration 
in maternal blood has been associated with the preparation for lactation. 


Tocopherol apparently crosses the placenta76 with difficulty. The very high 
values obtained when the peroxide hemolysis test is performed on erythrocytes 
from premature infants29 indicates this. Tocopherol administration usually causes 
a prompt return to normal. The interpretation of the rapid reversal of the per- 
oxide hemolysis data by tocopherol, unfortunately, is made difficult by the 
knowledge that tocopherol in the blood remains quite high for periods of more 
than 24 hours. Continued daily medication without interruption can give falsely 
low hemolysis-test values because the plasma has not been cleared of the excess 
tocopherol. During early periods of supplementation the tissues may remain 
depleted long after the blood has achieved high levels of tocopherol. More on 
this later. 

In 1953, under the sponsorship of the National Research Council’s Food 
and Nutrition Board, a long-term nutritional project was initiated. One of the 
objectives of this study was to evaluate the peroxide hemolysis test in men that 
had been depleted of their tocopherol stores by nutritional means. The various 
factors which influence this test were studied in detail. Results indicated that the 
treatment of erythrocytes by peroxide had many of the characteristics of the 
autodxidation of a polyunsaturated lipid in air. It was suggested50 that the hemo- 
lysis of erythrocytes by hydrogen peroxide was due to the peroxidation of the 
unsaturated lipids in the lipoproteins of red-cell stroma. The characteristics of 





those noted during the autodxidation of both linoleic acid and tissue phospho. 
lipids. The reaction of lipid peroxides with 2-thiobarbituric acid (TBA) was 
employed to show an inverse relationship in the blood levels of tocopherol and 
of lipid-oxidation products formed after treatment of erythrocytes with hydrogen 
peroxide. This test proved difficult to interpret because of the inhibiting effect 
of tocopherol itself on the reaction of TBA with peroxides as it is usually per- 
formed. All these reactions of peroxide on human erythrocytes, however, were 
essentially confirmed recently by Tsen and Collier.191, 102 They reported that 


dialuric acid probably acts on the membrane of erythrocytes from tocopherol- | 
of | 


deficient rats by catalyzing the formation of lipid hydroperoxides in the un- 
saturated lipids. Bunyan, e¢ a/.9 also have studied the formation of peroxidized 
lipids in erythrocytes in the presence of dialuric acid. 


The amount of tocopherol added to erythrocytes 7m vitro can be quantitatively 
related to the results obtained in both hemolysis tests.32» 50 However, the prob- 
lem in vivo is not so simple. The amount of tocopherol fed that remains avail- 
able to the erythrocyte is dependent upon the state of tocopherol stores in the 
body. Thus, a prompt return of the peroxide hemolysis test to normal in de- 
pleted subjects, even after the tocopherol level in the blood has been consider- 
ably elevated, is not always obtained. This is especially true during the early 
weeks of supplementation of a subject whose tocopherol reserves have been 
depleted.31 In evaluating the data relating to the foregoing statement, it is of 
utmost importance to consider the time at which the tests were performed in 
relation to the time of the last previous ingestion of tocopherol. To illustrate 
this, consider the results on two male adult subjects fed on a diet providing 
about 3 mg of tocopherol a day for 4 years. At the end of that time, their plasma 
tocopherol levels were 0.15 and 0.30 mg/100 ml, and their peroxide hemolysis 
levels were 80 and 70%, respectively. Then for 5 months they received a sup- 
plementation of 140 mg dl-a-tocopherol acetate and 105 mg d-a-tocopherol 
acetate per day, respectively. At the end of the supplemented period their plasma 
tocopherol levels were 0.72 and 1.08 mg/100 ml, and their peroxide hemo- 
lysis levels were 2 and 1%, respectively. Until 1958 when these results were 
established, all tocopherol and peroxide hemolysis data had been obtained on 
blood drawn about 24 hours after the last tocopherol supplement was ingested. 
When blood samples of both men were analyzed after an additional day of 
withdrawal of supplement, so that no vitamin E had been supplied for 48 hours, 
their respective tocopherol levels and hemolysis determinations were 0.44 mg/- 
100 ml and 0.82 mg/100 ml, and 66 and 13 per cent. From these and from many 
other data to be published elsewhere, it became evident that when a vitamin E- 
depleted subject is supplemented, one cannot judge adequacy of supplementation 
by measuring blood levels unless the tocopherol supplement is withdrawn for at 
least 48 hours before making the test. The larger the supplements, the longer the 
periods of withdrawal must be if adequacy of supplementation is to be truly 
evaluated. Apparently when the stores of tocopherol have been depleted, the 


the oxidation of erythrocytes and of erythrocyte stroma were quite similar to | 
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time necessary to obtain equilibrium between the blood and the other tissues 
_ is much longer than previously thought. 











Among the factors which affect the rate of peroxide hemolysis are: (1) the 


| amount of tocopherol in the blood, (2) the amount of polyunsaturated fatty 


acids in the erythrocytes, and (3) the strength, origin and age of the hydrogen 


| peroxide used. 


UNDESIRABLE PRODUCTS OF LIPID AUTOOXIDATION 
It is possible that lipid-soluble components other than compounds containing 
fatty acids may become important in the future. So in this section, the autodxidation 


‘ of any polyunsaturated compounds which can be altered by non-enzymatic pro- 


cesses in the presence of oxygen should be considered. However, due to the 
absence of definitive knowledge about oxidations other than those forming hydro- 
peroxides of unsaturated fatty acids in the tissues, this discussion is restricted 
to the formation of lipid hydroperoxides and their decomposition products. 

An early paper by Litarczek62 deals with the possible pathology caused by the 
autodxidation of unsaturated fatty acids and phospholipids in plasma. He in- 
cluded references to earlier work concerning the concept of im vivo involvement 
of hemoglobin or other iron compounds in the catalysis of the oxidative degrada- 
tion of lipoid-protein complexes. Most of his comments regarding the mechanisms 
involved are naive in the light of today’s knowledge. They are interesting, how- 
ever, as an illustration that as long ago as 40 years investigators were concerned 
with the possibility of autodxidation of tissue lipids. In subsequent years, numer- 
ous other workers studied the oxygen uptake of lipid fractions.38. 84, 85, 92 
The catalytic effect of hemoglobin, cytochrome c, and iron complexes on the 
in vitro autodxidation of tissue lipids are discussed in these and later papers.31 
The hypothesis that vitamin E can prevent such lipid autoGxidation dates back 
to the preparation by Olcott and Mattill82 of a fraction from lettuce oil that was 
high in both vitamin E and antioxidant power. By the time it was appreciated that 
tocopherols protect vegetable oils from rancidity both in the plant and in com- 
mercially prepared fat products,49 it became logical for the nutritionist to look 
for similar activity in animal tissues. Moore77 provided support for this hypo- 
thesis by showing that a deficiency of vitamin E caused defective storage of the 
readily oxidizable vitamin A. 

Both Tappel98- 99. 100 and Hove53, 54 developed the concept that tocopherol 
functions as an inhibitor of the autodxidation of unsaturated fatty acids. Hove52 
postulated a most attractive metabolic role for vitamin E. Unsaturated fat in tissue, 
oxidized by metal-porphorin catalysts like myoglobin or hemoglobin, he assumed, 
pass through various intermediary peroxides to the relatively stable fatty acid 
hydroperoxide. The latter compound can be further disrupted by heme-catalyzed 
steps. The heme-catalyzed reactions are capable of being inhibited by vitamin E. 
Lipid peroxides formed by these catalyzed reactions may produce the multiple 
disturbances observed in animals deprived of vitamin E. Hove also pointed out 
that if vitamin E truly acts as an i” vivo antioxidant, the destruction of vitamin E 
during lipid peroxidation is a normal pathway and function, and not an artifact. 





TISSUE PIGMENTATION RELATED TO LIPID OXIDATION 


Mason and his collaborators have made outstanding contributions to our 
knowledge of histological changes that are associated with vitamin E imbalance, 
Their reviews are highly recommended.69. 70 Martin and Moore67 have been 
credited with first calling attention to the occurrence of a brownish, acid-fast 
pigment in the uterine smooth muscle, skeletal muscle, sex glands, and other 
tissues of rats maintained on vitamin E-deficient diets. This was soon confirmed 
by other investigators,79. 71 who also found the brownish discoloration of affected 
tissues. Similar discolorations were observed in the monkey, hamster and rat. The 
fact that the compound had a brownish-yellow fluorescence was recognized by 
Moore and Wang in 1943.80 Since these early studies, reports have accumulated. 
They tend to agree that this pigment is indistinguishable from the “ceroid” 
pigment isolated by Lillie, et a/.61 from livers of rats with nutritional cirrhosis. 
Apparently it is a product of autodxidation and condensation or polymerization 
of polyunsaturated lipids with other tissue products. One of the clearest presen- 
tations of this relationship between the autodxidation of polyunsaturated fatty 
acids (PUFA) and vitamin E deficiency was presented by Filer, et al.26 in 1946. 
They discussed the requirement for tocopherol in the light of the theory of Long- 
enecker63 and Riemenschneider87 that the synthesis of glyceride fat in the body 
results in a distribution of fatty acids representative of the diet. Dietary fat has 
a great effect on the amount of individual unsaturated fatty acids that tie up with 
glycerol to form the depot fats. They associated this dietary change with the 
varying needs of the body for protection by antioxidants. 


Returning to the discussion of pigments that may be related to oxidation of 
lipids, “lipofuscin’’ was noted in heart muscle tissue by Stubel94 in 1911, and 
by Bommer? in 1929. Hamperl36 used fluorescence microscopy to study this 
pigment. He observed that it was absent in subjects below age ten. Strehler, 
et al.93 in a recent paper reviewed past work on the “age” pigment and reported 
on a study of the quantitative relationship of lipofuscin to age. Somewhat 
amazing is the observation that as much as 10% of the intracellular volume of 
the heart muscle cells may be occupied by this pigment. Strehler, e¢ a/. confirmed 
the fact that this pigment is not apparent in heart muscle during the first 10 
years of life, but is found in the hearts of all older individuals. The concentrations 
found were independent of sex, race or pathology. 


Any correlation of the increase of lipofuscin with the accumulation of auto- 
Oxidative effects with age must at this time remain in the realm of speculation. 
Perhaps work in this area will be stimulated by the claim of Sulkin and Srivanij95 
that the senile pigmentation of nerve cells may be due to extrinsic factors rather 
than to aging factors, per se. 

Hodge43 had noted in 1894 that the nerve cells of the fetus contains almost 
no pigment, and that the cytoplasm of nerve cells from senile humans was largely 
filled with pigment. In 1918, Dolley and Guthrie18 reviewed the earlier literature 
on the pigmentation of nerve cells which is usually associated with senility. Wolf 
and Pappenheimer195 suggested a relationship between this nerve cell pigment 
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and the substance called “‘ceroid’” which Lillie, Daft and Sebrell61 had found in 
the livers of vitamin E-deficient rats. The deposition of such pigments in the 
nervous system of vitamin E-deficient rats was first described by Einarson and 
Ringsted.21, 22 In Sulkin’s most recent paper,95 which reviews his earlier studies, 
data were presented to support the view that lipofuscin pigments in nerve cells 
can be produced experimentally in rats by factors other than aging. Thus, vitamin 
E deficiency produced a greater degree of deposition of lipofuscin pigment in 
the cytoplasm of the nerve cells of young rats than was found in senile non- — 
deficient rats. It would be interesting to have these experiments repeated using 
better controls of dietary and tissue fatty acids. Also of interest was Sulkin’s 
observation that experimental conditions which have been associated with stress 
factors in vitamin E research, i.e., ACTH administration, anoxia, and the feeding 
of excessive amounts of acetanilide to raise methemoglobin concentrations, all 
increased the deposition of lipofuscin pigment in nerve cells. 


FACTORS AFFECTING PATHOLOGICAL DEFICIENCY 
IN ANIMALS 


No attempt will be made here to review the bewildering array of histopatho- 
logical lesions3- 69.71 found during the studies of vitamin E deficiency. It is 
apparent that the structural integrity of muscle, the reproduction organs, the 
nervous system, the vascular system, and glandular tissue all can be involved. 
Rather, an attempt will be made to show that if investigators in this field were to 
devote more of their efforts to evaluating the PUFA content of the tissue under 
investigation at the same time that the concentration of vitamin E was being con- 
sidered, many of the conflicting reports now in the literature might be brought 
to a harmonious synthesis. 


The distribution of PUFA in the body is a function of heredity, tissue and 
lipoprotein specificity, and of diet. Thus, the PUFA of the lipoprotein or mito- 
chondrial lipid in a fetus can vary with the lipid stores of the mother, which, it 
should be emphasized, could be more a function of past than of present diet. 
After birth and during lactation, changes in fatty acid distribution can take place 
depending upon the stores and diet of the mother, because PUFA of milk lipids 
can be modified by diet.56 Similarly, in working with chicks, one must recall that 
the stores of different fatty acids in the hen will affect the composition of the 
lipids of the egg14-27 which in turn may make the brain of the chick more or 
less susceptible to encephalomalacia.10, 12 

The rabbit is a favorite animal for studying vitamin E deficiency because of 
the relative ease of producing muscular dystrophy in this animal. However, so far 
as is known, no one has correlated this ease of producing nutritional dystrophy 
in this animal with the fact that the depot fat of a rabbit — and presumably of 
its young — has very high concentrations of linolenic acid41 and other polyun- 
saturated acids. Considering the leafy composition of the diets of most rabbits, 
is it possible that the ease with which vitamin E deficiency can be induced in 
rabbits is more a functon of the rabbits’ dietary history than a species difference? 

















































The avidity with which muscle tissues accumulate PUFA has recently been 
studied in this laboratory. The details will be published elsewhere. Briefly de- 
scribed, in rats on diets which contain no fat other than 0.2% corn oil, the level 
of polyunsaturated fatty acids in the lipids of muscle tissue increase slowly, until 
at 21 weeks of age the concentration of PUFA in the muscles has almost caught 
up to the higher levels which had been noted much earlier in animals on diets 
which provided 15% corn oil. Extrapolating these data, one can explain the pos- 
sibility of developing dystrophy in a rat, even on a diet which is very low in 
lipid, if one considers the following: A certain amount of essential fatty acid is 
necessary for optimum growth and health, but even this relatively small amount 
may gradually accumulate in the lipids of muscle. When given enough time, 
this accumulation may be sufficient to lay the foundation for nutritional dystrophy 


if adequate vitamin E is not supplied. 
The specific pathology obtained in a vitamin E-deficient animal may depend 


not only upon dysequilibria within a given tissue, but possibly also upon the fact 
that after a muscle or nerve cell has lost its reserve of vitamin E, the transport of 
a toxic oxidized product from a distant area of the body may trigger a patho- 
logical event. Thus, Kummerow60 has recently reported that the injection of 
10 mg of linoleate hydroperoxide into a vitamin E depleted chick will produce 
histological signs of encephalomalacia in five to six hours. This and similar 
experiments on the toxicity of oxidized fats show that products of the peroxida- 
tion of depot fats must also be considered as possible contributing sources of 
pathology. 

When one considers the large differences in the levels of polyunsaturated 
lipids in different tissues, one may obtain a better understanding of why there 
are sO many seemingly unrelated pathological events in tocopherol deficiency. 
Taking only one variable, i.e., the amount of linoleic acid in the diet, a few 
examples of the range of linoleic acid levels resulting in the tissue will be given. 
However, one must remember that tissue concentrations are dependent upon the 
amount of other fatty acids fed simultaneously,19 as well as upon the rate and 
period of growth. In comparing the linoleic acid concentrations of different 
tissues in rats fed diets containing either 0.1 or 8% linoleic acid, it was noted 
that the mitochondria of the brain had 0.5 and 2%45, 47 and the liver mito- 
chondria had 6 and 21% of linoleic acid in their lipids, respectively. Similarly, 
on the same two diets, the respective proportions of linoleic acid in the lipids of 
the rat’s erythrocytes were 5 and 13%, while the muscle lipids contained 9 and 
26% of linoleic acid. 

Similar changes are to be expected in man. For example, depot fat from 
subjects on diets providing 60 gm of either coconut oil or corn oil for a year45 
contained 7 and 37% linoleic acid, while the plasma lipids contained 20 and 
40%, and the erythrocyte lipids 8 and 16% of linoleic acid, respectively. 

In general, one can say that the fat depots are most likely to become a 
reflection of the lipids in the diet,39. 42. 49 and that lipids which accumulate in 
the liver and muscle tend to be much like depot fat because much of this lipid 
is extracellular. It was not surprising that the plasma should be as good a mirror 
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of what is consumed, but it was not completely expected that the lipids of the 
erythrocytes48 could be so easily altered. Of all tissues tested to date, the brain 
is the least likely to be altered by diet.48 Most of the changes which do take 
place in the PUFA of the brain seem to appear during the early growth 
periods.104 This observation in rats as opposed to those in chickens, may be 
related to the fact that chick nutritional encephalomalacia is usually noted only 
in young birds and that the suckling rat has access to a balanced fat and toco- 
pherol supply. In the rat, cerebellar changes similar to those seen in chick en- 
cephalomalacia have not been reported. In evaluating this difference, however, 
it should be noted that the rat, as ordinarily tested, is not used by the investigator 
until after it has achieved a good proportion of its neurological growth. Studies 
of teratogeny have included reports of neurological changes in the rat fetus being 
developed on a low vitamin E regimen.13 


In recent years, because of the impact of enzymology on nutrition, it has 
become fashionable to refer to the mitochondria as a basic unit in which toco- 
pherol functions.196 It is true that much of the unsaturated lipid in the animal 
cell97 is in the mitochondria. In this laboratory, as in others, mitochondrial 
fractions have been conveniently centrifuged in order to obtain cellular com- 
ponents separate from cellular debris and unorganized lipids. However, in 
working with vitamin E, we would prefer to focus our attention upon the lipo- 
protein45. 50 unit rather than upon mitochondria, microsomes, or specially pre- 
pared homogenates in order to avoid the connotation of an enzyme specificity for 
tocopherol. In analyzing the various effects of tocopherol deficiency in different 
tissues, One can come closer to a unifying theory by noting that each functional 
lipoprotein has a characteristic PUFA pattern in its structure. This pattern dis- 
tinguishes it from other lipoproteins from other tissues. Taking only one fatty 
acid, linoleic acid as an example, one can show that on so-called average diets, 
the brain lipoproteins tend to have the least, the erythrocytes have more, the 
liver even more, and the muscle lipoproteins may have the most linoleic acid in 
this series. But unlike the protein part of the lipoprotein which tends to be very 
stable in its composition, regardless of diet, the lipid part can be varied by 
altering the composition of the fat in the diet. Thus, as already noted, the con- 
centration of PUFA in the lipids from brain and liver mitochondria can be varied 
more than 300% by dietary means. 

Much has been made of the specificity of action of vitamin E with regard to 
testicular degeneration in the male rat. Perhaps this will be easier to understand 
if one interprets the observation that even on a low fat diet in which the need 
for a-tocopherol by other tissues11 is very low, the testes! of rats have high 
levels of polyunsaturated fatty acids. 

There are many enzyme systems in which a lipoprotein is a component part. 
Since each of these lipoproteins can be altered to contain a higher proportion of 
autodxidizable PUFA, it is no wonder that so many different and unrelated 
enzyme systems are affected when the ratio of PUFA to vitamin E gets out of 
balance. 





REQUIREMENT FOR VITAMIN E 


Although several antioxidants16- 19, 20, 66, 78 have been shown to be capable 
of substituting in part for a-tocopherol, in this section we shall be concerned 
only with the requirement for a-tocopherol alone. It is probably fair to say that 
no complete, non-toxic, substitute for a-tocopherol has been found. Not only do 
the other tocopherols (8, y etc.) not fill the bill in all animal tissues, but to 
date all the synthetic tocopherols have been shown, in one way or another, to 
produce different physiological effects when used. At least some of the synthetic 
antioxidants differ from a-tocopherol in the manner in which they transfer 
across cell walls15 and accumulate in desirable concentrations where needed. 


Having noted that the variable PUFA profiles of tissue lipoproteins, phospho- 
lipids and storage fats are influenced by various levels of the fatty acids in the 
lipids consumed, it should follow that the need for vitamin E will also vary with 
the changes in the PUFA profiles of the tissue lipids. Not much has been said 
to this point about the probable usefulness of vitamin E in protecting vitamin A 
and other tissue constituents from undesirable oxidations. This possibility, how- 
ever, should be recognized as a goal for future research.44 

Most bioassays for vitamin E requirements7?2 have implied that there is a 
basic need for this vitamin. It was generally understood, however, that the feeding 
of additional PUFA containing lipid caused a more rapid appearance of symptoms 
of vitamin E deficiency. Recent studies by Bieri,4 Draper29 and others19, 66 
have dramatized the fact that little if any tocopherol is necessary under certain 
conditions. Now the pendulum threatens to swing back too far and leave the 
erroneous impression that vitamin E is not required under normal circumstances. 
As more investigators48. 65 analyze the needs for tocopherol in terms of the 
specific amounts of PUFA present in different tissues, one may hopefully look 
forward to a compromise which will clarify what is now a complex picture. 


Obviously, it will not be possible to have a vitamin E requirement based upon 
the usual concepts of species, state of growth and size. When the PUFA intake is 
only sufficient to supply the minimal needs for health, very little vitamin E 
seems to be required. When the ingestion of PUFA is high for prolonged periods, 
as in animals on the range eating grasses which are high in linolenic acid, the 
tocopherol requirement increases many fold.5 


In an attempt to obtain quantitative information on how much tocopherol is 
required per unit of PUFA, the needs of chicks were studied, using the onset 
of encephalomalacia as an assay endpoint.19.12 On 12% coconut oil, 4% 
stripped lard, or fat-free diets, there appeared to be no need for vitamin E by the 
chick. When chicks were fed 2% stripped corn oil, the incidence of encephalo- 
malacia was less than 20%, whereas on 4% stripped corn oil, more than 70% 
of the birds had this syndrome. Supplementation with 0.5 mg of d-a-tocopherol 
acetate per week was sufficient to prevent pathology in the chick when the level 
of corn oil in the diet was 2.5% or less; 2.0 mg of a-tocopherol acetate per week 
was needed when 4% stripped corn oil was fed. Unfortunately, there are addi- 
tional complications. Not only is the level of linoleic acid in the diet important. 
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8% coconut oil to diets that contained only 1% linoleic acid increased the 
incidence of cerebellar pathology to maximum levels; lauric and myristic acid 
substituted for coconut oil had similar effects. To explain this, one might say 
that the smaller molecular weight fatty acids were used preferentially for calories, 
so that more linoleic acid was available to exert its effect. 


Another complication in studying chick encephalomalacia was the observa- 
tion that linseed oil66 and cod liver oil both decreased the incidence of chick 
encephalomalacia when added to linoleic acid-containing diets.1° 


Studies of the relative effects of different levels of PUFA on nutritional 
dystrophy in rats11 have given more satisfactory data than the work with chickens. 
Rats fed diets containing 0.2% stripped corn oil or 15% coconut oil showed no 
pathology. When 15% olive oil was fed, moderate pathology was noted. Rats 
fed 15% stripped corn oil, 7% linseed oil and 7% cod liver oil developed the 
most severe muscular dystrophy noted in this experiment. In studying the amount 
of d-a-tocopherol acetate required to produce maximum growth11 in the rat on 
a diet containing 15% stripped corn oil, it was noted that 0.2 and 0.4 mg per 
week were inadequate supplements, but that 0.7 mg per week promoted excellent 
growth for a full year. Neither 0.2 mg nor 0.4 mg per week were sufficient to 
prevent creatinuria in the rat on this diet. It is interesting that renewed weight 
gain was observed in rats supplemented with 1.5 and 6.0 mg per week following 
a period of 71 weeks of feeding a 15% corn oil-tocopherol deficient diet, but 
that creatinuria was only partially ameliorated by giving 6 mg per week. 
Unfortunately, these experiments were not designed to evaluate requirements, 
or else the tocopherol supplement would have been made to vary with the size 
of the rat. Extrapolation of these rat data to humans by using the method 
suggested by Harris37 gives a requirement that is higher than 50 mg a day. 
However, most humans consume less PUFA than is supplied by 15% of corn 
oil in the diet. 

Attempts to evaluate the vitamin E requirement of man using dietary control 
techniques have been described.45. 50 The surprising conclusion of such work is 
that after about 5 years of maintenance on a diet which provided about 3 mg of 
tocopherol a day, and which during recent years included 60 gm of stripped 
corn oil in the daily regimen, as much as 60 mg of d-a-tocopherol per day for 
many months was barely adequate to return plasma tocopherol and peroxide 
hemolysis test levels to a point where they would remain normal upon removal 
of supplementation. Since 3 mg a day of vitamin E is not an extremely deficient 
regimen, it appears that much work remains to be done on human requirements 
for vitamin E. 

Among the newer reports which add to the interest in this field is the obser- 
vation of cerebellitis in a 14-month old infant.46 It had the same histopatho- 
logical lesions as found in the cerebellum of chicks with nutritional encephalo- 
malacia. The pathology in this infant was associated with the intravenous feeding 
of a commercial cottonseed oil preparation that provided about 23 gm of linoleic 


The level of all of the other fatty acids also is important. Thus, the addition of 
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acid per day for 19 days before its death. This is more than 10 times the relative 
ratio of linoleic acid to calories needed to produce encephalomalacia in the chick. 

In addition, it has recently been observed that the men who had remained 
on the stripped corn oil — low tocopherol diet for over 6 years showed a decrease 
in their erythrocyte life-time.49 This observation substantiates the report of 
Marvin, Dinning and Day68 who showed more severe decreases in erythrocyte 
survival time in monkeys which were more severely restricted. 

One should mention the older studies of retrolential fibroplasia83 in prema- 
ture infants with regard to the possibility that this area of research needs rein- 
vestigation. The need for tocopherol by the fetus in terms of the PUFA accumu- 
lated in the mother’s tissues should certainly be studied. The whole question of 
human reproductive needs for vitamin E should be re-evaluated in terms of the 
level of PUFA encountered. 

Skipping the controversial area of cardiovascular medicine — except for a 
brief comment that animals grown on feeds high in PUFA do have a high in- 
cidence of deaths due to heart disorders5- 6 let’s proceed to another muscle 
problem, muscular dystrophy. Here one may be permitted a few speculations. 
Although there are more differences than similarities between human and ex- 
perimental dystrophy, the need for a new approach is acute. It is sufficient to 
warrant the study of the effects of changing the characteristics of the lipids in 
the affected individual from the unsaturated to more saturated compounds. Once 
a dystrophic process starts, the muscle fibers are replaced largely by lipids. Now 
that one is fairly certain that such lipids will reflect the nature of the fats in the 
diet, past and present, it appears reasonable to want to be able to control the 
peroxidizability of these compounds. 


CONCLUDING OBSERVATIONS 


Is supplementation of human diets as presently consumed necessary? This 
reviewer does not have sufficient fortitude to offer a definite decision on this. 
Instead, he does request an open mind that considers the following in evaluations 
of future experiments: 

(a) Commercial and cooking processes tend to destroy the natural balance 
of PUFA to tocopherol in many foods.79 

(b) The consumption of increased levels of PUFA leads to increased needs 
for tocopherel, as shown by experiments with adult man and from interpretations 
of pathology in infants. 

(c) The possibility that some chronic disorders are associated with the 
presence of products of oxidation must be considered. No antioxidant is going 
to be 100% efficient. Thus, tissue products and/or pigments which may very 
well be the result of inadequate antioxidant activity will accumulate with age. Do 
these products interfere with optimum function and can the rate of their produc- 
tion be reduced by vitamin E? 

(d) In judging the activity of a biological antioxidant one should not lose 
sight of the other variables involved: (1) The concentration and oxidative poten- 





















































tial of the substrate. (2) The nature of the oxidizing material: Is it oxygen 
brought to the cell wall by hemoglobin; is it a peroxide which is a product of 
normal or abnormal metabolism? (3) The nature of the prodxidant: Is it a heavy 
metal freed of other organic material; is it a product of hemoglobin, ceruloplas- 
min or some other metallorganic complex known to accelerate the rate of oxygen 
uptake by an oxidizable substrate ?50 

(e) The ability of an antioxidant to penetrate the tissue or part of cellular 
structure where it can do the most good. In this connection, note the difficulty 
small concentrations of tocopherol appear to have in crossing the placenta. 

(f) Different tissues have unlike growth cycles and accumulate PUFA at 
different rates. Therefore, to evaluate pathology associated with vitamin E, one 
must know the age, turnover and relative normal fatty acid profiles of a given 
lipoprotein or lipid in a given tissue. Alterations from the normal pattern by 
diet may become important in the brain, where normally a given fatty acid like 
linoleic may be low. In the testes, however, where one quite normally finds high 
concentrations of PUFA, even a diet low in PUFA may not prevent pathology 
in the absence of a biological antioxidant. 

(g) In studying the rat, it is possible to have apparent good health according 
to objective standards such as rate of growth and still have vitamin E pathology 
present. For example, rats on stripped corn oil diets continued to grow at near 
optimum rates11 for 20 weeks after the onset of creatinuria. Similarly, in man 
there were no significant signs of anemia when the decreased erythrocyte survival 
was noted because of the ability of the erythropoietic system to make up the 
difference. 

(h) In animals, the reversal of pathology due to long-term tocopherol im- 
balance is not always possible, and where possible it is often a slow process. In 
interpreting this for human therapy it should be emphasized that one cannot use 
the absence of a cure by this vitamin as proof that an imbalance was not involved. 


NOTE: It is hoped that the writer will be forgiven for omitting in this inter- 
pretative review discussion of much research by many brilliant investigators in 
this field. It has been necessary to limit references to only about 3% of the papers 
that have been published on vitamin E. 
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(3) another study provided much of the information on which current 
riboflavin needs are based and clearly demonstrated that scrotal dermatitis 
in adult males can be due to a deficiency of riboflavin and not to nicotinic 
acid, and (4) a study in which he demonstrated that liver dysfunction in 
man can be a reversable consequence of limited protein intake, suggesting 
the theoretical relationship of limited protein intake with kwashtiorkor, 
and suggested that 60 mg of tryptophan are approximately equivalent to 
1 mg of niacin in man. 

Dr. Horwitt’s current research project is concerned with tocopherol-fatty 
acid relationships. It has focused attention on the ability of the diet to 
change the lipid composition of all microcellular constituents and that the 
body's need for tocopherol appears to be a function of the level of poly- 
unsaturated lipid deposits in tissues. 

Despite his many brilliant contributions to our knowledge of nutrition, 
perhaps Dr. Horwitt’s most lasting contribution will be the relatively 
unspectacular yet vital promotion of the need for environmental controls in 
the study of metabolism of institutionalized and other mental patients. 
After 20 years of constant prodding of investigators in psychobiology 
regarding the need for knowing more about the past and present dietary 
intakes of mental patients, he is seeing his efforts take shape. Several 
psychiatric research institutions have established, or are planning to estab- 
lish, metabolic units which include facilities for nutritional control. 
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